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Description 

.[0001] The present invention relates to a dental composition and an artificial tooth with the use of said dental com- 
position. In more detail, the invention relates to a dental composition which has, amongst others, good mechanical 
properties and mechanical machinability, which is superior in color stability, coloring resistance and aesthetic merit, 
and which is suitable for an artificial tooth, as well as to an artificial tooth with the use of said dental composition. 
[0002] An artificial tooth is generally required to satisfy various requirements, for example, good mechanical prop- 
erties such as wear resistance, strength, and impact resistance; good mechanical machinability; good color stability 
and coloring resistances; superior aesthetic merit; absence of bioiogical-detrimentality; and a good biological compat- 
ibility etc. 

[0003] As artificial teeth, resin teeth comprising polymethylmethacrylate as a main component, hard resin teeth com- 
prising multifunctional, methylmethacrylate and inorganic fillers, as well as porcelain teeth have been developed and 

are in use. ' ■ 

[0004] As resin teeth, those comprising methacrylate polymers and copolymers mainly consisting of methacrylate 
have been developed and are in use. Although those are cheap and superior in aesthetic merit, color stability and 
impact resistance, they have low and insufficient wear resistance. Since resin teeth are exposed to a high temperature 
when ground with abrasives such as carborundum point or stamp bur for occlusal adjustment by means of a laboratory 
. machine etc., resins are melted and adhere to the abrasives, which lowers grinding efficiency extremely. Further, even 
though there are some differences in occlusive force during mastication of food between persons, the force is said to 
correspond generally to the weight of the person. Thus, when such occlusive force is subjected tb a tip of a tooth, 
occlusive pressure at the tip of the tooth caused by the occlusive force becomes vast. From the above-mentioned 
reasons, there may be easily formed wear and damages in resin teeth due to occlusion during mastication or use of 
a tooth brush etc. Further, a tooth shape may be changed by strong mastication, thus it is difficult to use it stably for a 
long period of time. 

[0005] With a view to overcome the defects of resin teeth, hard resin teeth have been developed. Those are composite 

materials (composite resins) in which polymerized and hardened resins are used as matrices, The resins are prepared 
• by kneading and dispersing inorganic fillers into multifunctional methacrylate monomers and/or oligomers. The hard 
resin teeth have an aesthetic merit necessary for anterior teeth and sufficient mechanical strength against occlusive 
pressure for molars. Further, they have preferably improved wear resistance since.the inorganic fillers have high hard- 
ness. However, the inorganic fillers dispersed in the matrix resins are dug up and exposed at the surface by form- 
correction or polishing, or are peeled off the surface. Thus, the surface of the hard resin tooth becomes rough, resulting 
in deteriorated touch with the tongue. Further, since dental plaque or dental calculus is deposited in a voids formed by 
peeling of the inorganic fillers off the hard resin tooth.- Thereby, the hard resin tooth may be colored. Since the multi- 
functional methacrylate polymer itself has a poor color stability, it may be discolored during use in a mouth. Additionally, 
since the hard resin-tooth has higher hardness than the conventionally resin tooth, fractures, or chips may be formed 
during laboratory procedures and a cusp may be easily fractured by strong mastication in the mouth. 
.[0006] A porcelain tooth, one kind of ceramic artificial tooth used for long, is high in wear resistance, excellent in 
aesthetic merit, color stability and coloring resistance, free from biological detrimentality or irritation in the oral condition, 
good in touch with the tongue, and is a stable dental material' exhibiting no change in material quality even in a long- 
term use. However, as compared with resin and hard resin teeth, it is defective in that it is high in cost, poor in elasticity, 
low in impact resistance because of brittleness, and tends to suffer cracking and fracture. Further, there occurs a 
considerable shrinkage caused by firing, thus making it difficult to accurately sinter into a prescribed shape. It is the 
usual practice to use a porcelain tooth after firing, polishing and form-correction. Thermal stress during correction 
polishing ca.uses microcracks. And those mtcrocracks grow larger through repetition of occlusive pressure during mas- 
tication of food and impact caused by chewing hard food, thus resulting in fatigue breakage, or under an excessjve 
occlusion load, in breakage. When a porcelain tooth is used, mechanical retention means such as a pin or a retaining 
hole is provided in the porcelain tooth to achieve an integral connection of the porcelain material and the denture base 
resin, because of a very low adhesion between the porcelain tooth and the denture base resin sen/ing as a denture or 
a support. Such retention means tend however to be subjected to stress concentration, and a defective attachment 
causes cracks in the surrounding denture base resin or breakage of the porcelain tooth after attachment in the mouth.- 
The porcelain tooth rnay also tend to come off the denture base resin. For these reasons, manufacture of a satisfactory 
denture using a porcelain tooth requires skill ahd a high cost. 

[0007] Thus, there are advantages and disadvantages as artificial teeth with resin teeth. hard resin teeth and por- 
celain teeth.' There.is therefore a need for an artificial tooth having balanced advantages of resin teeth," hard resin teeth 
and porcelain teeth and also with decreased disadvantages. ' ' . 

[0008] The present invention was created as a result of extensive studies carried out in view of the circumstances 
as described above, and has an object to provide a dental composition which can maintain from among superior color 
stability, coloring resistance and aesthetic merit, which has superior characteristics in bending strength, impact strength, 



10 



IS 



20 



25 



30 



35 



40 



45 



SO 



55 



EP 0 962 215 A2 

SoIwL;":— c^^^^^^^^^^ '^^'-^^ ^^--9es or .He present invention wi„ beco.e .Cear .o. 

£:2:°ioi^rs~-~ 

copolymers o,a, leas, twomonomers^er,dS'^C^^^^ 

ymers; mixtures of the copolymers; and mixtures onhThom' f' T ^ ^""^ ^'y'^"^' '"'^"^^^ °f 'he homopol- 

Raw material (C) : a crosslinked polymeSeSed om h ' r'^''^ copolymer(s), . 

copolymerso, at least twomonomLsUce^^^n^jr^^^^^^^^ methacrylates, aco^.ates and styrene; 

ymers; mixtures of the copolymers; and mixtures 0.^1^00 ?' T ^'^"'^'O^ the homopol- 

Raw material (D): an organic and inorgan?2 c<^^^^^^^^ ■•■ • ' 
Raw material (E); an inorganic filler ' 

[0015] preferable that the crosslinked polymer is at least ono^/ 

methacrylate as a ma.h component w,th or-withouran lylZuo T 'T''' P^'^^^'^V'- 

■ polymer, or may be absorb'ed in the crosslinked polyme^ tfbe polled... J'"' ^""^ ""^^ ''^ ^^^^^''"k^'^' 
-nterpenetrative network constitution is formed ^or the c oslktd „o ''^ '^ree-dimensional 
polymer and the polymer denved from the raw ml2, oraft n 9^°"^' "^^ "-^''"ked 
penetrative network structure. For the crosslinked pSi^lS a^^^^^ ^"^P' '° '^^^ 

IS formed with the raw material (A). ^" ^"y' 9'°'^P' '^^ interpenetrative network structure 

■ P^ymircC^'irgToirm'^^^^^^^^^^^ Z^Z^^Z T''"'' "^' '^ -^-'-ked 
as well as improvement ,n wear res.s7ance and s^enqrmav be^^^^^^^ 

polymethylmethacrylate as a main component v^th an al vi aroL Th T ^^^^^''^^^ed polymer comprising 

■ together, increase in hardness as well as irnp oTfmentt w^' , " "^^^^^''"^^^ P^'^^^^^ used In ' 

[0017] AS more concrete dental compositrnrtherrmrvLr''''fr.'"^ ^'^^"9*^ beobtained. 
, and/or Oligomer of methacrylate, uncrossli ked polymZm^^^^^^^^ ^ -corner . 

ing polymethylmethacrylate as a main component ^Z ^S^^^^^^^^^^^ °' P^'^"^^^^ =°"^Pns- 

a raw materia, (B), a raw mateS c fn^; I^^^^^ --P-^'-n composing a raw material (A). 

(A) being polymerized and hardened ^ ^"'^"^ °"9orT,er of the raw material 

i^SperofltS™^^^^^^^ -bility, coloring resistance and aesthetic merit for ' 

Which has balanced characteristics is provided ' ' '^^'""^^ ^"'^ 

wear resistance etc., and ' 
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resistance etc.. is provided, since the raw material (E) is cheaper than the raw material (D) and can increase hardness 
easily, even though some opacity may be easily appeared due to the material (E). 

[0022] It is preferable that the crossllnked polymer is at least one of crosslinked polymers comprising polymethyl- 
methacrylate as a main component with or, without an altyl group. The raw material (A) may swell the crosslinked 
polymer, or may be absorbed in the crosslinked polymer, to be polymerized and hardened, by.which three-dimensional 
interpenetrative network constitution is formed. For the crosslinked polymer comprising an allyl group, the crosslinked 

- polymer and the polymer derived from the raw material (A) are graft-polymerized via the. ally! group, to form the inter- 
penetrative network structure. For the crosslinked polymer without an ally! group, the interpenetrative network structure 
is formed with the raw material (A). * ' -■ ' 

[0023] Among them, increase in hardness and improvement in wear resistance may be obtained by the crosslinked 
polymer comprising polymethylmethacrylate as a main component without an allyl group. Further, increase in hardness 
as well as improvement in wear resistance and strength may be obtained by the crosslinked polymer comprising 
polymethylmethacrylate as a main component with an allyl group. Therefore, if both, crosslinked polymers are used in . 
together, increase in hardness as well as improvement in wear resistance and strength may be obtained. 
[0024] As more concrete artificial teeth, there may be exemplified an artrficial'tooth produced from a composition 
comprising a monomer and/or oligomer of methacrylate, uncross'linked polymethylmethacrylate, at least' one of 
crossllnked polymers comprising polymethylmethacrylate as a main component with or without an allyl group, and an 
organic and inorganic filler complex wherein the monomer and/or oligomer of nriethacrylate being polymerized and 
hardened, as well as an artificial tooth produced from a composition comprising a monomer and/or oligomer of meth- 
acrylate, uncrosslinked polymethylmethacrylate, at least one of crosslinked polymers comprising polymethylmethacr- 
ylate as a main component with or without an allyl group, an organic and inorganic filler complex, and an inorganic 

• filler wherein the monomer and/or oligomer of methacrylate being polymerized and hardened. 
[0025] These artificial teeth have superior characteristics which have advantages of the conventional resin teeth and 
advantages of the hard resin teeth in together and compensate the defects of these resin and hard resin teeth. Further, 
they are obtained inexpensively and .have superior durability 
[0026] The present invention is illustrated in more detail as follows. 

[0027] As the methacrylate monomer of the raw matenai (A), there are exemplified methylmethacrylate, alkyi meth- 
acryiates, alicyclic, aromatic, heterocyclic and vinyl group containing methacryiates. hydroxy(alkoxy) containing meth- 
acrylates, di and tri-methacrylates, carboxyiic acid-containing methacryiates, dialkylaminoethyl methacryiates, fluoro-" 
alkyI methacryiates. Moreconcretely there are exemplified methyl methacrylate, ethyl methacrylate, n-butyl methacr- 
ylate. i-butyl methacrylate.. t-butyl methacrylate, 2 ethylhexyi methacrylate, cyclohexyl methacrylate, benzylmethacr- 
ylate. 2-hydroxyethyl methacrylate. 2-hydroxypropyl methacrylate, dimethylaminoethy I. methacrylate. diethylaminpe- 
thyl methacrylate. glycidyl methacrylate, tetrahydrofurfuryl methacrylate, ethyleneglycol dFmethacrylate, 1 ,3-butyleneg- 
lycol dimethacrylate. diethyleneglycol dimethacryiate, triethylene glycol dimethacryiate, poiyethyleneglycol dimethacr- 
ylate, 1,6-hexanediol dimethacrylate and trimethylolpropane trimethacrylate. Further, acrylates corresponding to the 
above-mentioned methacryiates may be exemplified. Herein, if monomers being corresponded to these methacryiates 
or acrylates. those are not limited to the above-mentioned monomers. As the raw material (A), not only monomers but 
also oligomers as well as mixtures of monomers and oligomers may be used. 

[0028]_ As the raw material (B), there are exemplified homopolymers of methyl methacrylate, ethyl methacrylate, n- 
butyl methacrylate. i-butyl methacrylate, t-butyi methacrylate. 2-ethylhexyl methacrylate. cyclohexyl methacrylate, ben- 
zylmethacrytate. 2-hydroxyethyl methacrylate, 2-hydroxypropyl methacrylate. dimethylaminoethyl methacrylate. di- 
ethylaminoethyl methacrylate. glycidyl methacrylate, tetrahydrofurfuryl methacrylate, ethyleneglycol dimethacrylate, 
1,3-butyleneglycol dimethacrylate, diethyleneglycol dimethacrylate, triethylene glycol dimethacrylate, poiyethyleneg- 
lycol dimethacrylate, 1 ,6-hexanedtol dimethacrylate, trimethylolpropane trimethacrylate, homopolymers of acrylates 
corresponding to the above-mentioned methacryiates, homopolymers of styrene. and their copolymers, as well as 
mixtures of these homopolymers and copolymers. Herein, if polymers being these homopolymers of .methacryiates or 
acrylates corresponding to the above mentioned methacryiates or acrylates. or their copolymers, or mixtures of these 
homopolymers and copolymers, those are not limited td the above-mentioned substances. These may be used alone 
or in mixtures of two or more. 

[0029] In general, the raw material (B) may be preferably used as particles. An average particle size of the raw 
material (B) is preferably 100 pni or lessi since artificial teeth having good aesthetic merit can be obtained from said 
material when for example the monomer and/or oligomer of the raw material (A) being polymerized and hardened to" 
make an artificial teeth. If the average particle size being above 100 ^m. particles of the raw material (B) may appear 
on the surface of the artificial tooth as pearly forrri, which being not preferable due to lack of aesthetic merit. ■ 
[0030] The raw material (A) makes the raw material (B) swell, or the latter is made relatively dissolved or dispersed 
in the raw material (A). Additionally, the raw material (A) makes the crosslinked polymer of the raw material (C) to swell, 
by which a part of the raw material (A) is absorbed, in the raw material (C). When the raw material (A) is polymerized 
and hardened, it forms in together with the raw material (C) an interpenetrative network structure. In the case that the 
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material (A, is polymerized and hardened, F rthe 'fn\he 0133 TZT^V? (D) 'he lal 

Al the raw material (B), the raw ma,er« (C). the maS In Lndt ""^'^''^^ ^'^^al 

5 to bond the raw material.(A) wrth the raw materi rcwh! r T '^"^ ™'erlal (B) acts 

material (A) is polymerized and hardened. "^a'^rial (E) When the raw 
[0031] As the raw material (C) there arp PYc>mniif;«<^ k . 
. 'facrylates^allylmethacrylatUmethyfr^ltha^^^^^^^^ 

ylate, 'riethyleneglycoldi(meth)acrylate neopentwlcofdi^^^^^^^^ d.(meth)ac^late, diethyleneglycol di(meth)acr- 

dioldi(me,h)acrylate, 1 .6-hexanedTol di ^3^730^^^ 1.3-butanedioldi(meth)acryla.e. 1 4 butane- 

(meth)acryloxypolypropoxyphenyl)propane biswt.mf • 
loxy-dlethoxypheny,)propane, b-sTr^^S^^IcryS^^ t^^^^^^^ 2,2-brs(4-(meth)a4 
caproic methyl, homopolymers o, styrene, Z^^'^l 'l^^^^^ 2^3-bis[2.-(meth)acry,oxyethy,]ure.hane 
polymers. Herein, if polymers being these homopolymers oTmethl ! " °' ^'^'^^P^^V^^rs and co- 

mentK>ned methacrylates or acrylates, or the^Zlme J t mtt ^ t!f °^ f ^'"^^^ corresponding to the above- 
are not limited to the above-mentioned ,h=t.":: V:::: '"-"^^^ °' "^ese homopolymers and c 

opolymers, those 

■ [0032] In general, the raw material (C) mav brnrllrir^ ! °' "^'^'"'^^ °' °^ 

materia, (C) is preferably .00 ,m ortl? sTce artiS : J h"' o' ooS^^^'^^h"; '^^"^^ ^^^'^'^ ^''^^ °' - 
matenal when for example the monomer and/or ol.ooner o' h» ^ good aesthetic merit can be obtained from said . 
make an artificial teeth. If the average par^cTs ze ' Tole iSo T ^""^ '"'"^ Po'ymerized and hardened to 

the surface of the anfficial tooth as pearly orm S, cht lo^^ °' .^^^ "^^'^nal (C) may appear on 

[0033] As the inorganic filler, i.e. the ralmaTerS e/ZI'^ ' '° °' 

powders, kaolin, talc, calcium carbonate S^^^^ osirat Jo^ ^'"'"'"^ 
alumina whiskers, beryllium- oxide whiskers, boronTSSeT' '""""^^^^^^^ '"'""'"'^^'^ 9'^^^' '^^"^'^a' -"-a. 
and various metal whiskers. As an avWage pa^Se l^otret^^^^^ n, '^''^'^^ ^^^'^^-^^ 

the average particle size is less than 0.005 a,^ tt fille becom '7^^^^ " ^''^'"'^^^ ^'OOS to 50 ^. If ■ 

it takes a long time for uniform mixing with Te mate^Sum f>m ' T "'^^ ^P^"^" ^^^^^^ 

making dough, by which contact with a mold becles bad mITT T T"'" ^^^^ ^'ffi^"" 

mechanical strength etc. is insufficient when maTin o an artSS ""'"'"^ improvement in 

particles become large, which makes brightness on surfac^ in^^ 1 • ^^^'^^^ "^^^'^'^ ^'^^ ^^^^^ 50 jxm, 
an artificial tooth. Further, tooth plaque may be aX" ed fo v^^^^r^ h ^ ' '° ' "^"'^ '"'^ ' ' 

■ Of foods etc. may be adhered to them. Thereby SroTr^ °' °' ''^^^S^"^^ °^colorants • 

^ Sthr:rs;^s;:s 

them. AS the methacrylate or acrylate monomer Thte mj^L us^^^^^^ 

mentioned raw material (A). As examples of thTorqanL and!no!n= r^i"' 'he above 

by adding.the above-mentioned inorganic filr^ a meSc^^^^^^^^^^ 

described below, for example peroxides such a benzoSxi^^^^^^^^ ' Po-ymerization catalyst as ' 

coupling agent, and optionally a colorant, an oxidation steWlbTr 1 T ^^''^ azobisisobutyronitrile. a 

etc. appropriately, stirring to mix them, polymer zin^^^^^ «9-"t. « Pigment or a dye 

for example in a ball mill to an average partic e 2 w^^^^^^^^ t ° ' ^' ^"'^^"^'"9 '^^^ 

than 1 ^m, the filler has a quite high specific surtS a^T '° f ' ^^^^^^^ P^^'-^'^ - 'ess 

. matena, (A). Further, the mixture becoSnas too har^and ' h"' 1!"' ""^'"^ 

comes bad. Additionally, it is also not preferableTnce 1^!^"^° t '"^'^h contact with a mold be- 

made imp an artificial tooth. If the average parade si eTs a'oTsa "'r''""" '"^"^'^i^"' ^h'^n 

on surface insufficient, a touch to a tongue S^ior^enr^fiT' '"'""f -^'^^h -akes brightness 

■ a*^^edtovoidsformedbypeelingoffof?heirorZ^^^^^ -nto an artificiaftooth. Funher, tooth plaque may be ' 
discoloring or colonng may be found, which is XefeS'le Fu^^^^^ ^^-^d to them. Thereby. ' ' ^ 
the inorganic filler beforehand to a surface tS In^^^^^ ' """^ ^'''^'"^d by subjecting 

onJnatesandcr.:^^^^^^^^^^^^ 

rgSoxTp^pyTSoC^^^^^^^^^ 
ysilane,.N-P(aminoethyl),.aminopropyLethy7diltho^^^^^^^^^^ 

ethoxysilaneetc. ^"'''''°'^°P^<Vyl t™e^^ •. 
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[0038] As the coupling agents based on titanates, there are exennpiified isopropyltriisostearoyl titanate, isopropyltri- 
dodecyl-benzenesulfonyl.titanate, isopropyltrls(dioctylpyrophosphate) titanate. tetralsopropylbis(dioctyiphosphlte) ti- 
tanate, tetraoctylbis(dltridecylphosphlte) titanate, tetra(2,2-diallyloxymethyl-1-butyl)bis{di4ridecyl)phosphite titanate, 
. bis(dioctylpyrophosphate)oxyacetate- titanate, bis(dioctyl-pyrophosphate)ethylene titanate, isopropyltrioctanoyi titan- 
ate, isopropyldinnethacryiisostearoyi titanate, isopropyiisostearoyl diacryl titanate, isopropyltri (dioctylphosphate) titan- 
ate, isopropyitricumylphenyl titanate. isopropyltri(N-aminoethyl-anninoethyl) titanate, dicumylphenyloxyacetate titanate 
and diisostearoylethylene titanate etc. 

[0039] As the coupling agents based on zircoalunninates. there are exemplified alcoholic CAVCO MOD (made by 
CAVCO MOD:. CAVEDON CHEMICAL CO., INC.). and glycolic CAVCO MOD (made by CAVCO MOD • CAVEDON 
CHEMICAL CO., INC.) etc. ' . . ' 

[0040] An amount of the coupling agent added to the melhacrylate or acrylate monomer is preferably from 0. 1 to 25 
parts by weight per 100 parts by weight of the monomer If it is less than O.r parts by weight, it provided no effect as 
the coupling agent, resulting in insufficient adhesion of ultra-fine particulate filler to the above-mentioned monomer, 
which is not preferable. II it is above 25 parts by weight, an excess amount of the coupling agent acts as a plasticizer 
or defects, which is not preferable. 

[0041] For the dental compositions comprising the above-mentioned raw material (A), raw material (B), raw material 
(C) and raw material (D) or the above-mentioned raw material (A), raw material .(B), raw material (C), raw materia! (D) 
and raw material (E). it is preferable to add a polynrierization catalyst in order to polymerize and harden the raw material 

(A) . • • ■ ■• 

[0042] As the polymerization catalyst, a thermal polymerization initiator is preferable.- As the thermal polymerization 
initiator, there are exemplified organic peroxides such as benzoyl peroxide,' ketone peroxide, peroxyketal, hydroper- 
oxide, dialkyi peroxide, diacyl peroxide, peroxyester and peroxydicarbonate; and azo compounds such as 2, 2'-azobi- 
sisobutyronitrile. 2,2'-azobiS'2.4-dimethylvaleronitrile, 4,4'-azobis-4-cyanovaleric acid, 1 ,1'-azobis-1 -cyclohexahecar- 
bonitriie, dimethy!-2.2'-azobisisobutyrlte and 2.2' -azobis-2-(2-aminopropane)dihydrochlorite. The thermal polymeriza- 
tion initiator.may be used alone or in combination of two or more. Ah amount of the thermal polymerization Initiator' 
depends on an ability of the initiator, and it may be determined within a range of from 0,1 to 20 parts by weight per 100 
parts by weight of the raw material (A); Herein, a photo-polymerization initiator etc. may be of course used as the 
polymerization catalyst. 

[0043] Additionally, a colorant, a polymerization inhibitor, an oxidation stabilizer, an ultraviolet-ray absorbing agent, 
a pigment or a dye etc. may be optionally added to the raw material (A). From among, the colorant, the oxidation 
stabilizer, the ultraviolet-ray. absorbing agent, the pigment or the dye riiay .be added in the raw materials (B) and (C). 

[Compositional proportions] 

. [0044] Compositional proportions of the dental composition comprising the above-mentioned raw material (A), raw- 
material (B), raw material (C) and raw material (D) are preferable as follows; that of the raw material (A) is from 20 to 
50% by weight, that of the raw material (B) is .from 5 to 70% by weight, that of the raw material (C) is from 1 to 60% 
by weight and that of raw material (D) is from 1 to 65% by weight based on total of the raw material (A), the raw materiail. 

(B) , the raw material (C) and the raw material (D). ' > 

■ [0045] If the raw material (A) is letss than 20% by weight, the powdery component may be present in excess and it 
cannot be made in a form of dough to obtain only dried up nhaterial, which is not preferable because of difficult mold- 
ability. If it is above 50% by weight, the liquid component may be present in excess and air bubbles may be readily 
formed inside, which is not preferable because of difficult moldability From a viewpoint of molding, the desirable range 
is from 25 to 40% by weight. 

[0046] Further, if the raw material (B) is less than 5% by weight, it cannot be made in a form of dough, which makes 
.molding difficult. If it is above 70% by weight, the powdery component may be' present in excess'. Thus, it cannot be 
made in a form.of dough to obtain dried up material, which makes molding difficulty. It is therefore not preferable. From 
a viewpoint of molding, the desirable range is from 5 to 50% by weight. 

[0047] Further, if the raw material (C) is less than 1% by weight, improvement in mechanical properties cannot be 
obtained, which is not preferable. If it is above 60% by weight, dough property of the material is deteriorated, moldability 
is lowered and inside detects are produced in the molded body to lower mechanical characteristics, which is notprefr 
erabie. From a viewpoint of molding.and mechaniical characteristics, the desirable range is from 5 to 50% by weight. 
[0048] If the raw material (D) is less than 1% by weight, wear resistance, surface hardness, compressive strength 
and bending strength become insufficient, which is not preferable. If it is above 65% by weight, the powdery component 
may be present in excess or a dough property is deteriorated. Thereby, molding is made difficult, inside defects'are 
.readily produced to induce poor impact resistance, which is not preferable. From a viewpoint of molding and mechanical 
characteristics, the desirable range is f roni 5 to 60% by weight. 

[0049] Further, compositional proportions of the dental composition comprising the above-mentioned raw material 
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(C) is fron. 1 .o 60% by weight, that of raw materialTDT lIT, o ^sJ Tv h ! °' ^^'^ 

1 to 30% by weight based'on total of the raw material aV the raw T.? °' '^O"'- 

5 (D) and the raw material (E). ' '^^ '^'^ (B), the raw material (C). the raw material 

[0050]- If the raw material (A) is less than 20% by weiaht the 6r,wH<.r>, . 

IS not preferable because of difficult moldabilrty and I tt a JoS hv T^f ^'^'^^^ 

=orb;-:r^---^^^ 

■ ■ made in a form of dough to obtain dried up ma eirr^L r^^^ ^ T^"^' cannot be 

a v.wpo.n. Of molding, the desirable Ig^ ir'sTo for^^^^^^^^ " ^^^^'^ P-'-^'"- ' 

IU052J Further, If the raw material (C) is less than 1°/ h,,u,J^h. " ■ ' 

Obtained, whbh is no. preferable. If it is above 60% by weioht dTnh 7Z"Tl ^e 
is lowered and inside defects are produced fn thrmolZLv to ' ™ ^^'^^'"^^'-d. "^oWability 

arable. From a viewpoint of molding and mechli.^?' hl^f ^''Z '^"'^'^^"'^a' characteristics, which is not pref- 
[0053]. If the raw material (D) is iLTthan' S^^^^^^^^^^ '^^'T ""^^ ' '° "^'^ ' 

and bending strength become insufficient wh ch is nSe eratt T T' ^°^P^^ssive strength 

may be present in excess or a dough propel is det r ot^d r^^^^^^^^ P^^^^-V ^omponL 

readily produced to induce poor impact rasistanc Tnot prl^^^^^^^^^^ ^ ^"^^ ^'^^ ^^'-^s are 

characteristics, the desirabib range is from 5 to 60% by weight ^^^'^ ^ ^'^^'PO'"' o' molding and mechanical 

Sndlir^nX^^^^^^^^^ --nee, su.ace hardness, compressive strength • 

. may be present in excess. Thereby, mold nSdeXuHni h t T"^ ''^ =°^P°nen. ' 

resistance, excess cloudiness is appeal to deS^SraL^^^^^^^ T "'"'^ '^"'"^^^ '° '"^"^ P°°^ -P-t 
molding, mechanical characteristics and aes^het c S. the Hp ' Z ' " P^^'^^^"^' '^^^'^ ^ ^'«^P°i"' 
. [0055] Then, preparation of the dental rnZln , ""^"'v'^^ '^^^'^^^'e ^^"9^ 's from 1. to 20% by weight. • 
[0056] Hereinyth^re is show ™ 'Z^r^^^ °' ^''^'^'^^ tooth are illustrated in detail 

- by using saiddenta.composit,on for the case o tLTnSlX^^^^ 
. (A), raw material (B), raw material (C) and raw maS (D)T ? above-mentioned raw material 

. material (C) and.raw material (D) arelweiahedat irilHl ' '^"^ f^)' '^"^ ^'erial (B), raw ' 

. •andacoloringagen.etc.areUdedoptt'rC^^ 

a specified period of tima Then, the said material 'nsertrf^^^^^^^^^^ "'r^^ '° '""'^ ^ ^^^^^^ 

^5 And, the material is polymerized and' molded while befnr, 1 ' "^"'^ compressed fdr molding 

polymerization .nitiator as the PolymerS ion c^aL^^n ^ " '^"'^^^'"^ ^° ^ '^^--^1 

mold. K y on caiaiyst. In that case, polymerization can be carried out by heating the 

[0057] Also, there is shown one pypmnio =. j < ■ 

by using said dental composition ^onhe ca e ,^^^^^^^^^^ "^'^^'^'^ ^"'^ '^^^'^'"^ - 

(A), raw material (B), raw material (C) raw ma^eriJfDTand ^ above-mentioned raw material 

material (B), rawmaterial (C). raw mL iJuman^rrl St ^ ^' '^^^^ ^^w material (A), raw 

. -dthenapolymerizationUilystTnTacrw^ ' 
. to make a doughy material for a specified periodXe Then T.tTT^]^"'^'' '"''^^^'^ and allowed ' 
■ and compressed for molding. And, the maLiaUs oolvl Jbln ^ sad matenal is inserted into an artificial tooth mold 
- case that a thermalpolymeLtion initiator being usedT he poller ''''''''''' ^he 

. erized. ^ ^® '^^ P^'y^^^^'za'-o" catalyst, the mold is heated and polym- 
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[Evaluation Items- and evaluating method] ■ 

<1 > Bending strength, bending modulus and fracture toughness: * 

[0059] The tests were carried out by using a Instron Testing Machine (made by Shimazu Selsakusho, AUTOGRAPH 
AGS-50OD) at a CHS (cross head speed) = Imm/min and a span length = 20mm and calculating bending strength 
and bending modulus according to the tollowing formula A size of the sample was 2mm x. 2mm x 25 mm. 1 ) Bending 
strength: 



3PL 

^b3 = 2 

2WT^ 



0^3: three points bending strength (MPa) 
■ P: maximum load (N) at fracture of -sample 
L: span length (mm) 
W: width (mm) of sample . 
T: thickness (mm) of sample' 

2) Bending modulus: 

[0060] 



4WT^Y 



E: bending modulus (MPa) - ' • 

L: span length (mm) 
- P: load (N) ' ■ ■ . 

W: width (mm) of sample . . " ' . . 

T: thickness (mm) of sample 
Y: ratio of "stress under load P 

3) Fracture toughness 

[0061] Fracture toughness is obtained by using a Instron Testing Machine (made by Shimazu^Seisakusho, AUTO- 
GRAPH AGS - 500D) at a CHS (cross head speed) = 1 mm/min and a span length ± 20mm and calculating from an 
area of the determined record according to the following forrnula. A size of the sample was 2mm x 2mm X 25mm; 

■ E = JoXde = J-M.^^Jdl = -l-|Fd1 
2WT^ l2 WTL 

E: fracture toughness (MPa) 

a : stress (MPa) 
• e : strain 
. ' F: load (N) 

I: deflection amount (mm) 

.L-: span length (mm) ' ' ' . 

W: width (mm) of sample 
T: thickness (mm) of sample 

[0062] Herein, stress o is expressed by the following formula 

3LF 



a = 



2WT^ 
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[0063] Also, strain e is expressed by the following formula. 
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<2> Hardness • . ' . 

[0064] AS to haziness, micro Knoop hardness anclBrlnellhardne^^ . ■ 

1) Micro Knoop hardness 

for a loading time of 30 seconds and cateM.«,inn 'r^^:" .„ '^'^"^^ ''""^'^^tV 50% under a load of SOof 

HK= 14.23- ' ■ 

d' . ■ 

HK: micro Knoop hardness 
F: test load (N) 

d^'«"9»Mmm) Of a diagonal line of a indent,.as viewed longitudinally. 
2) Brinell hardness 

. to« =. 50kg, ,o,a loading ,L„, » = J^S7« Xll^^^l 'f"*' .'^ " 
,.a, . .^man. ,.,S,r;Tl'=:Jtrr;rr/^^^^^^^^ 

' ' HBS (or HBW) = ' • • - ■' 

. t D (D - Vd^ - d^) 

F t^st ?r (N, ''^ "^'"^ ^ ^P^^^'-' -de Of uJa hard .lloy 

D: diameter Of a indenter (mm) ■ . 
. cl: length (mm) of a indent 

<3> Coloring resistance . . 

1 hour, thereafter rinsed with wa'er/dried and lal ed S °' ° '^^'^ '"^"^^'"^ 

as a color difference according to the following formula anTthe TL J T"" °' '^'^ ^^'-'^'^^ 
resistance. ^ ^"'^ obtained value was used as a measure of coloring 



AE: a color difference 
L*o. L* value before coloring 
a*o; a* value before coloring 
b*o: b* value before coloring 
L*i : L* value after coloring 
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a*-,: a* value after coloring 
b%: b* value after coloring 

(Example 1) " • 

[0068] A dental connfDosition comprised of a raw material (A), a raw material (B). a raw material (C) and a raw material 
•(D). Concretely, the following raw materials were used. 

[0069] As the. raw material (A), methylmGthacrylate.(MMA) and ethyleneglycol dimethylmetracrylate (EDMA) were 
used. , • 

.[0070] As the raw material (B), polymethylmethacrylate (PMMA) having an .average molecular weight of 420,000 
and an average particle size of 45pm was used. 

[0071] As the raw material (C), a crosslinked polymer(])was used. The crosslinked polymerQwas a copolymei' of 
methylmethacrylate and allyimethacrylate having allyl groups wherein an average particle size being 50 )im. 
. [0072] As the raw material (D), an organic and inorganic filler complex having an average particle size of 40 jim was 
used. The complex was prepared as follows: 100 parts by weight of fine powdery silica having an average particle size 
of 40nm, 50 parts by weight of methylmethacrylate as a monomer, 6.-7 parts by weight of Y-methacryloxypropy!trimeth- 
oxysilane as a coupling agent, and 0.5 parts by weight of benzoyl. peroxide as a polymerization catalyst were mixed 
under agitation, and polymerized by heating at 90° C, and then pulverized. 
[0073] As the polymerization catalyst, benzoyl peroxide was used. 

[0074] The above-mentioned" raw material (A), raw material (B), raw rriaterial (C), raw mateha.l (D) and the polymer- 
ization catalyst were weighed at the weight parts as shown in Table 1 of Example 1 and mixed to homogenize, and 
niaintained for a specified period to make a dough. The dough was put in a mold, and polymerized by heating at 1 35° 
. C and SOOMPa for 15 minutes, thereby a sample was obtained. 
[0075] Bending modulus, bending strength, fracture toughness, hardness and coloring resistance of the obtained 
samples' were evaluated according to the above-mentioned evaluating method. The results are shown in Table 1 of 
Example 1 . 

' (Example 2) . 

. [0076] The same raw material (A), raw material (B), raw material (C). raw material (D) and the poiymerizatidn catalyst 

as those used in Example 1 were weighed at the weight.parts shown in Table 1 of Example 2 and mixed to homogenize., 
and maintained for a specified period to make a dough. The dough was put in a moid, and polymerized by heating at 
135° C and 300MPa for 15 minutes, thereby a sample was obtained. 

[0077] Bending modulus, bending strength, fracture toughness, hardness and coloring resistance of the obtained 
samples were evaluated according to the above-mentioned evaluating method. The results are shown in .Table 1 of 
Example 2. ... ' " 

(Example 3) • 

[0078] The same raw material (A), raw material (B), raw material (C). raw material (D) and the polymerization catalyst " 
as those used in Example 1. were weighed at the weight parts shown in Table 1 of Example 3 and mixed to homogenize, 
and maintained for a specified period to make a dough. The dough was put in a mold, and polymenzed by heating at 
1 35* C and 30bMPa for 1 5 minutes, thereby a sample was obtained. 

[0079] Bending modulus, bending strength, fracture toughness, hardness and coloring resistance of the obtained 
samples were evaluated according to the above-mentioned evaluating method. The results are shown in Table 1 of 
Example 3. 

(Example 4)' ^ • 

[0080] The same raw material (A), raw material. (8), raw material (C),.raw material (D) and the polymerization-catalyst 
as those used in Example 1 were.weighed at the weight parts shown in Table 1 of Exaniple 4arid mixed to homogenize, 
and maintained for a specified period to make a dough, The dough was put in a" mold, and polymerized by heating at 
1-35" C and 300MPa for 15 minutes, thereby a sample was obtained. 

[0081] Bending modulus, bending strength, fracture toughness, hardness and coloring resistance of the obtained 
samples were evaluated according to the above-mentioned evaluating method. The results are shown in Table 1 of 
Example 4. . 
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(Example 5) 



TO 



Table 1 



75 



2G 



25 



30 



35 



40 



45 



50 



55 



MMA* 

EDMA* ; 

Catalyst..- 
PMMA * 

Crosslinked poIymeiQ)* 

Organic and inorganic filler complex ' 

Inorganic filler 

Bending modulus(MPa) ■ 

Bending strength{MPa) 

Fracture toughness(MPa) 

Brinell hardness • • 

Knoop hardness • 
Color, difference AE 



Example 1 



50 

■ (25.32) 
■ 14.5 
(7.34) 
2 
36, 
(18.23) 
53 

" (26.84) 
44 
(22.28) 



3853.1 
102.5 
■1.36 

22,05 
23.8 
6.31 



Example 2 



57 

(28.86) 
15.5 
(7.85) 
2 
25 
(12.66) 
58 
(29.37) 
42 
(21.27) 



3602.7 
96.9 
1.30 
21.51 
24.1 
6.83 



Example 3 



No,e: Figures In P^^e.^^e^e^n^:^^ 



.51 
(25.82) 
14.5 
• (7.34) 
2 
26 
(13.16) 
62 
(31.39) 
44 
(22.28) 



3782.1 
97.2 
1.25 

22.38 
24.5 
7.02 



Example 4 



_L 



' 57 
(28.72) 
15.5 
(7.81) 
■ 2 
17 
(8.56) 
67 
(33.75) 
42 
(21.16) 



3693.3 
103.3 
. 1.44 
21.37 
24.0 
6.96 



Example 5 



51 

(25.69) 
14.5 
(7.30) 
2 
18 
(9.07). 
71' 
(35.77) 
■ 44" 
(22.17) 



3778.0 
96.7 
1.24 
21.78 
24.3- 
7.1:1 



■-(Example 6) 



[0084] 



(Example 7) 
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fracture toughness. Brinell hardness. Knoop hardness and color difference. Therefore, they can be used for making 
excellent artificial teeth. Additionally, the samples of Example 1 to Example 5 had particularly good transparency and 
they had wide coloring ranges. They are superior in aesthetic merit due to less formation of white particles formed from 
the. inorganic filler used in the hard resin teeth and low cloudiness-, and superior in coloring resistance. Although the 
reasons thereof are not clarified, the. following matters can be considered, (i) Uniform mixing of the monomer, the 
unerosslinked polymer and the crosslinked polymer is possible, since the organic and inorganic filler complex is used; 
(ii) the monomer is polymerized in such a state that the unerosslinked polymer is swollen by the monomer, or the 
unerosslinked polymer is relatively dissolved in the monomer. or the unerosslinked. polymer is dispersed in the mono- 
mer; (iii) an interpenetrative network structure is formed by poiymerization of the monomer in such a state that the 
crosslinked polymer is swollen by the monomer and Is penetrated into the crosslinked polymer particles, or such an 
interpenetrative network structure as obtained by graft reaction of the crosslinked polymer and the polymer in which a 
monomer is used as the raw nriaterial via a allyl group is.formed; (iv) the monomer is polymerized in such a state that 
the polymer of nnethylmethacrylate used in the organic and inorganic filler complex is swollen by the monomer, or the 
polymer is relatively dissolved in the monomer, or the polymer is dispei-sed in the monomer. 

• [0089] The samples of Example 6 and 7 were superior in bending modulus, bending strength, fracture toughness 
and color difference. to the sample of Comparative Example 2 consisting of the composition used for the resin tooth, 
and further they have similar properties for Brinell hardness and Knoop hardness to the sample of Comparative Example 
2 consisting of the composition used for the hard resin tooth. However some opaque feelings were found and color 
difference was relatively high cpmpared with the samples of Example 1 to Example 5 since the content of the organic 
and inorganic filler complex being much, but stiN good. Although the reasons for these characteristics are not clarified, 
it is considered that the relatively low crosslinked polymer and the high content of the organic and inorganic' filler" 
complex act together to be effective. 

(Example 8) 

[0090] The same raw material (A), raw material (B), raw material (0), raw material (D) and the polymerization catalyst 
as those used in Example 1 as well as a raw material (E) were used. An inorganic filler as the raw material (€) was 
obtained by coupling fine powdery silica having an average particle size of 40nm by means of y-methacryloxypropylt- 
rimethoxysilane as a coupling agent. 

[0091]. The above-mentioned raw material (A), raw material (B), raw material (C) . raw material (D), raw material (E) 
and the polymerization catalyst were weighed at the weight parts shown in Table 2 of Example 8 and mixed to homog- 
enize, and maintained for a specified period to make a dough. The dough was put in a mold, and polymerized by 
heating at 1 35° C and 300MPa for 1 5 minutes, thereby a sample was obtained. 

[0092] Bending modulus, bending strength, fracture toughness, hardness and coloring resistance of the obtained 
samples vyere evaluated according to the above-mentioned evaluating method. The results are shown in Table 2 of 
Example 8. • • . 

(Example 9) • 

[0093] The same raw material (A), raw material (B),.raw material (C). raw material (D) and the polymerization catalyst 
as well as the raw material (E) in Example 8 were used. The raw material (A), raw material (B), raw material (C), raw 
material (D), raw material (E) and the polymerization catalyst were weighed at the weight parts shown in Table 2 of 
Example 9 and mixed to homogenize, and maintained for a specified period to make a dough. The dough was put in 
a mold, and polymerized by heating at ^3S° C and SOOMPa for 15 minutes, thereby a sample was obtained. 
[0094] Bending modulus, bending strength, fracture toughness, hardness and coloring resistance .of the obtained 
samples were evaluated according to the above mentioned evaluating method. The results are shown in Table 2 of 
Example 9. 

(Example 10) • 

[0095] The same raw material (A), raw material (8), raw material (C), raw material (D) and the polymerization catalyst 
as well as the raw material (E) in Example 8 were used. The raw material (A), raw rnate'rial (B), raw material (C), raw 
material (D), raw material (E) andthe polymerization catalyst were weighed at the weight parts shown in Table 2 of 
Example 10 and mixed to homogenize, and maintained fo?a specified period to make a dough. The dough was put in 
a mold, and polymerized by heating at 1 35"* C and 300MPa for 1 5 minutes, thereby a sample was obtained. 
[0096] Bending modulus, bending strength, fracture' toughness, hardness and coloring resistance of the obtained 
samples were evaluated according to the above-mentioned evaluating method. -The results are shown in Table 2 of 
Example 10. 
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MMA* 

■. EDMA * 

Cataiyst 
PMMA* 



Tab le 2 
Example 6 | Example 7 



75 



20 



25 



Crosslinked polymerQ)*. 

Organic and inorganic filler complex ' 

Inorganic filler * ■ 



51 

(29.91) 
14.5 
(8.50) 
2 

31.5 
(18,48) 
3.5. 
(2.05) 
70 
(41.06) I 



51 

(28.57) 
14.5 
(S.12) 
•. 2 
26 
(14.57) 
. 7 
(3.92) 
80 
(44:82) 



. 4423.3 

112.5 
1.92 

26.56 
27.8. 

10.58 



4493.3 

108.5 
1.66 
27.12 

28.4 
11.48 



Example 8 


Example 9 


Example 10 


51 


51 


O.I 


(25.69) 


'(25.69) 




■ 14.5 


14.5 


1 1 /i C 
1 4.0 


(7.30) 


(7.30) 


{/ .ou; 


2 


2 


o 
c. 


. 33 


22 




(16.62) 


(11.08) 




78 


■ 89 




' (39.29) 


- (44.84) 


(31 23) 


15 


. 11 


30 


(7.56) 


(5.54) 


(15.11) 


7 


• 11 


15 


(3.53) 


(5.54)- 


(7. 56) j 


3688.2 


3708.2 


"3821.5 


100.1 


98.9 


96.8 


• 1.36 


1.32 


1 .23 


21.44 


21.51 


, 22.41 


22^5 


23.8 


24.7 


7.33 


8.02 . 


8.56 



30 



35 



40 



45 



SO 
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Bending modulus "(MPa) 
Bending strength (MPa) 
Fracture toughness(MPa) 
Brinell hardness ' • 
Knoop hardness 
Color difference AE 

(Example 11) • 

'^^^.^^^^^^^^^^ 

material (0), raw material (E) and the polyrnerSion catl^st wp^^^ ^^^^ "^'^"^^ (C), raw 

Exarnple 1 1 ar,d mixed to homogenize and r^aS^e^tTsZi^^?-^^ f ^^''^'^ ^^-^^ '^^^^ TaLle 3 o, 

.^^ were e.,..d acco.., . ^^^^ 

SnJ^ tSrpo^r^^^^^^ Characteristics between the sample 

consisting. Of a composttion used for a hard rest ootn^w n SoZ' '^'"^P'^' ' -'"P'- 
bending strength, fracture toughness, Brinell hardness KnSrhL '^ ! ^'"^P" ^ •° bending modulus, ' 
used for making excellent artificial teeth. AddiS they hTd o^^^^^^^^^^^^ ''""'"^^^ ^e 

supenor in aesthetic merit due to less formation of whi eZrtitsS^mTdTT'^ '^^'^""S ^^"9^^ ^hey are 

eeth and low cloudiness, and supenor in colorlrrg rSaVTcf A, hLh '"'^'^ ' 

lowing matters can be considered, (i) Uniform mi 'ng of he monomer thi ^^^^"[^ fol- 
polymer ,s possible, since the organic and inorganic fircorpr^^s u t rTr "'''' '^'^ 
state that the'uncrosslinked polymer is swollen by the monorefandThP ^ polymerized in such a. 

solved in the monomer, and the uncrosslinked polymer bS dTsoersad """^^^^""^^^ P^'V^er being relatively dis- 
structure ,s. formed by polymerization of the monomer .n s'Sat ^ ''^'^^P-^trativeneLrk 
monomer and is penetrated into the .crosslinked polymer particles Ir . h ''f "y.the 
Obtained by graft reaction of the crosslinked polymer and he oolvm. ? T '"'"^P^"^^^^"^^ network structure as 
via a allyl group is formed; (iv) the monomer is Srertfed i^^^^^^^^^^ ^.^^ ™teria|. 

used in the organic and Inorganic filler complex is the ' V'" °' methylmethacrylate . 

the monomer, or the polymer-is dispersed in the monomerHowever^^^^^^^^^^^^^^ °' '""""'^ '""'"''^ ''^^'^'^^'^ ' 
resistance was slightly inferior compared to the sampTes obteTned n p ""'^r""'- ^'9^ =°'onng 

are considered that It is caused by the orqanic andrornl n ^^^""P'^ ^ ^^^"^P'^ S.' The reasons therefor' 

ifthe filling content of the inorganic filler sTnc ease "X^^^^^^^^^^^ ITT"" T '"^S-- f'"- Th s 

Thereby, the aesthetic merit was reduced sor^ewhat ^ ^"'"^ ^^^""'"9 i"<=^eased opacity 
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(Example 12) 

[01 00] A dental composition composed of a raw material (A), a rawmateriai (B), a raw material (C) and a raw material 

(D). Concretely, the following raw materials were used. 

[0101] As the raw material (A) and the raw material (B). the same ones as in Example 1 were used, 
[0102] As the raw material (C), a crosslinked polymer@was used. The crossllnked polymer® is polyethyleneglycol 
dimethacrylate comprising polymethylmethacrylate as a main component without any allyl group, which has an average 
particle size of 50 fxm. 

[0103] As the raw material (D) and the polymerization catalyst, the same ones as in Example 1 were used. 
[0104] The above-mentioned raw material (A), raw material (B), raw material (C). raw material (D) and the polymer- 
ization catalyst were weighed at the weight parts shown in Table 3 of Example 1 2 and mixed to homogenize, and 
maintained for a specified' period to make a dough. The dough was put in a mold, and polymerized by heating at 135** 
C and SOOMPa for 15 minutes, thereby a sample was obtained. 

• [0105] Bending modulus, bending strength, fracture toughness, hardness and coloring resistance of the obtained 
samples were evaluated according to the above-mentioned evaluating method. The results are shown in Table 3 of 
Example 12. 

(Example- 13) 

[0106] The same raw material (A), raw material (B), raw material (C). raw material (D) and the polymerization catalyst 
as those used in Example 1 2 were weighed at the weight parts shown in Table 3 of Example 1 3 and mixed to homog- 
enize, and maintained for a specified period to make a dough'. The dough was put in a mold, and polymerized by 
heating at 1 35° C and 300MPa for.1 5 minutes, thereby a sample was obtained. 

[0107] Bending modulus, bending strength, fracture toughness, hardness and coloring resistance of' the obtained 
samples were evaluated according to the above-mentioned evaluating method. The results are shown in Table 3 of 
Example- 13. . / ■' 

[0108] The samples obtained in Example 1 2 and Example 1 3 had internnediate. characteristics between the sample 
consisting of the composition used for a resin tooth shown in the following Cornparative Example 1 and the sample 
consisting of a composition used tor a. hard resin tooth' shown in Comparative Example 2 as to bending modulus;- 
, bending strength, fracture toughness, Brinell hardness, Knoop hardness and color difference' Therefore, they can be 
used for making excellent artificial teeth. Additionally they had also good transparency and wide coloring ranges. They 
are superior in aesthetic nrierit due to less formation of white particles formed from the .inorganic filler used in the hard 
resin teeth and low cloudiness, and superior in coloring resistance, but as to strength and hardness, they. were some- 
what inferior to those in Example 1 to Example 11. Although the reasons thereof are not clarified, the following matters 
can be considered, (i) Uniform mixing of the monomer, the uncrosslinked polymer and the crosslinked polymer is 
possible, since the organic and inorganic filler complex is used; (ii) the monomer is polymerized in such a state that 
the uncrosslinked polymer is swollen by the monomer, or the uncrosslinked polymer is relatively dissolved in the mon- 
omer, or the uncrosslinked polymer is dispersed in the monomer; (ill) an interpenetrative network structure is nof formed ■ 
by graft reaction of such the crosslinked polymer and the polymer in which a monomer is used as the raw material as " 
in Example 1 to Example 11 since the crosslinked polymer does not contain an allyl group, but the monomer swells 
the crosslinked polymer and the monomer are polymerized in such a state that the monomer is penetrated in the 
crosslinked polymer particles, thus the interpenetrative network structure is formed; (Iv) the monomer is polymerized 
in such a state that the polymer of methylmethacrylate used in the organic .and inorganic filler complex is swollen by 
the monomer, or the polymer is relatively dissolved in the monomer, or the polymer Is dispersed in the monomer 



Table 3 





Example 11 


Example 1 2 


Example 1 3 


MMA* ' 


57 


51 


57 




(29.16) 


. (25.82) 


(28.86) 


EDMA * 


15.5- 


14.5 


15.5 




■ (7.93) 


(7.34) 


(7.85) 


Catalyst 


2 


2 


2 


PMMA*. 


.25 


26 . 


25 




(12.79) 


' (1,3.16) 


(12.66) 



Note: Figures in parentheses mean % by weight In respect to total % of those with * marks. 
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Table 3 (continued) 




Crosslinked polymei( 
C ross I in ked poly me i® * 
Organic and inorganic filler complex ' 
Inorganic filler * 

Bending modulus(MPa) 

Bending strength(MPa) 
Fracture toughness(MPa) 
Brinelj hardness 
Knoop hardness 
Color difference AE 



30 

(15.35) 
10 
(5.12) 
3688.2 
97.2 
1.28 
21.48 
24.1 
•8.49 



3769.5 
96.8 
. 1.24 
21.15 
22.6 
7.86 



3608.3 
96.3 
. 1.29 
20.86 
22.4 
7.43 



Note: Figures in parentheses .ean%.y.ei,.t in .^^^^^ 

(Comparative Example 1) " 

a mold, and polymerized by heating at 300MPa f^^^Ts S .i^ ' P"» 

[0110] As to the thus Obtained sample the same test as in ?h ' '^^'^^y ^ sample was obtained. 

[01 11] AS shown In Table 4 of Com'araJle Example 1 the . "'^rT"*""'' ^^^'^^ °"t. 

resistance (small color difference), bm it had low ^0,^ Knooo h^rH ^ fj^^'^^^^ toughness and good coloring 
wear resistance of resin teeth to be made ^"OOP hardness and Brinell hardness, which suggesting low 

(Comparative Example 2) . 

si'io^rzr^^^^^^^ 

The .dough was put in a r.o,d,'andpo.ymeied by ^Tai »T'aTd ToOMp' speeded penod to make a dougK. 
was obtained. As the inorganic filler, the same fine oowdl™ Jr 15 minutes, thereby a sample 

norgan^. filler complex, the same one as .n Exa^le t ^eZled ' ^^^anic and 

i. had very high micro Knoop hardnes's aSrineX^^^^ quite.opposi.e to the sample for resin tooth. 

to fracture was easil/occurred since fracture tournes?Srve^!lyr -'"^ "'"^ ^^^'^"^^^^^^ 
(large color difference). roughness was very low. Further, rt was yery poor in coloring resistance 





Table 4 




MMA 

EDMA 

Peroxide catalyst 
PMMA . 
Urethaneacrylate 
Methacrylate 

Neopentylglycol dimethacrylate 
Azo catalyst 

Organic and inorganic filler complex 
■ Inorganic filler 


Comparative Example 1 

97 
3- 
0.2 
200 


Comparative Example 2 

30 
40 
30 

1 . 
40 
. 9 



15 



EP0 962 215 A2 



Table 4 (continued) 





Comparative Example 1 


Comoarative Examnip P 


Bending modulus(MPa) 


■ 2801.4 


4149.6- 


Bending strength(MPa) 


122.3 ' 


•88.4 


Fracture toughness(MPa) 


.2.67 


' 0.94 


Brinell hardness 


18.35 


27.95 


Knoop hardness ; . - . 


18.2 


35.8 


. Color difference AE 


9.11 


31.10 . 



,[0115] The dental composition according to the Invention comprises the monomer and/or oligomer, the uncrosslinked 
polymer, the crosslinked polymer, the organic and Inorganic filler complex, and optionally the inorganic filler. It was 
prepared by utilizing swelling and dissolution of the uncrosslinked polymer by means of the, monomer and or oligomer 
. as well as swelling of the crosslinked polymer etc. to polymerize the monomer and/or oligomer and form an interpen- 
etrative network structure. By using the dental composition according to the invention for making an artificial tooth etc., 
there carl be provided an artificial tooth at cheap cost by wherein color stability and coloring resistance as well as an 
aesthetic merit can be maintained for a long period. It has superior characteristics such as bending strength, impact 
strength, hardness and wear resistance, has both advantages of the conventional resin tooth and the hard resiniooth, 
and it also supplements the defects of the resin tooth and the hard resin tooth. - . - 

[01 1 6] For example, an artificial tooth made using the dental composition according to the invention has higher hard- 
ness than the conventional resin tooth but has lower hardness characteristics than those of the hard resin tooth and 
the porcelain tooth. Thereby, low wear resistance of the resin tooth and low fracture toughness of the hard resin tooth 
and the porcelain tooth can be improved. Further, color stability and coloring resistance are much superior to those of 
the hard resin tooth, an aesthetic merit is equal to those of resin tooth and the porcelain tooth. Thus, the artificial tooth 
according to the invention is quite useful. Additionally, the dental composition is obtained at a low cost, since the raw 
materials thereof are cheap and preparation is "easy Thus, fcheap and good qualities can be provided, since production 
of the artificial tooth is easy 

[0117] More concretely, by a dental composition comprising (A) at least one monomer and/pr oligomer selected from 
methacrylates and acryiates. (B) an uncrosslinked polymer selected from homopolymers of methacrylates, acrylates 
and styrene; copolymers of at least two monomers' selected from methacrylates, acrylates and styrene; mixtures of 
the. homopolymers; rnixtures of the copolymers; and mixtures of the homopolymer(s) and the copolymer(s), (C) a cross- 
linked polymer selected from homopolymers of methacrylates, acrylates and styrene; copolymers of at least two mon- 
omers selected from methacrylates, acrylates and styrene; mixtures of the homopolynriers; mixtures of the copolymers; 
and mixtures of the homopolymer(s) and the copolymer(s), and (D) an organic and inorganic filler complex, there can 
be provided a dental composition useful for an artificial tooth in which a color stability coloring resistance and aesthetic 
merit can be maintained for a long period of time, which is superior in bending strength, impact strength, hardness and 
wear resistance etc. and which has balanced characteristics. 

[0118] The artificial tooth obtained by using said dental composition can maintain color stability coloring resistance 
and aesthetic merit for a long period of time, is superior in bending strength, impact strength, hardness and wear 
resistance etc, and has balanced characteristics, since the composition comprising the raw material (A), the raw ma- 
' teriai (B), the raw material (C) and the raw material (D) is made by polymerizing and hardening the monomer and/or 
the oligomer in (A). 

[0119] Further, by a dental composition comprising (A) at. least one monomer and/or oligomer selected from meth- 
acrylates and acrylates, (B) 'an uncrosslinked polymer selected from homopolymers of methacrylates, acrylates and 
styrene;copolymers of at least two monomers selected from methacrylates, acrylates and styrene;mixtures of the 
homopolymers; mixtures of the copolymers; and mixtures of the homopolymer(s) and the copolymer(s). (C) a 
crosslinked polymer selected from homopolymers of methacrylates, acrylates and styrene; copolymers of- at least two 
•monomers selected 1rom methacrylates, acrylates and styrene; mixturesbf the homopolymers; mixturesof the copoly- 
mers; and mixtures of the homdpolymer(s) and the copolymer(s), (D) an organic and inorganic filler complex, and (E) 
an inorganic filler, there can be provided a dental composition useful for an artificial tooth in which color stability coloring 
resistance and aesthetic merit can be maintained for a long period of time, which is superior in bending strength, impact 
strength, hardness and wear resistance etc. and which has balanced characteristics even though with a somewhat 
opaqueness due to the raw material (E). Herein, the raw material (E) is inexpensive compared to the raw material (D) 
and the former has a tendency to raise hardness etc. 

[0120] The artificial tooth obtained by using said dental composition can maintain color stability coloring resistance 
and aesthetic merit for a long period of time, is superior in bending strength, impact strength, hardness and wear 
resistance etc. and has balanced characteristics even though with a somewhat opaqueaess due to the raw material 
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polymer, or maybe absorbed in thecrossiinkedSle^otn^^^^ '^^ crosslinked 

interpenetrative ne^.ork constitution is formed £ trirll^rnT "'''^'^ '^ree-dimensional 

polymer and the polymer derived from the raw material a a nl ^^^-^"' comprising an ally! group, the crosslinked 
penetrative network structure. For the crossiinkeTpolvmir Lrtho2,!n P°'r'"''' ''^ 9^°"P' '° '^e inter- 

.s formed with the raw material (A) PO'Vmer without an allyl group, the interpenetrative network structure 

Src~p";,;-^^^^^ 

as well as improvement in wear resistance and strenarmav b^I^^^ 

polymethylmethacrylate as a main componenfj^th an a< vl aroun Th T ?I ^^'^"^^^ '^'^P"^'^^ 
together, Increase in hardness as well as imp oTment in weTr^ ! '^^^^^""'^^ ^^'^^^^^ "^^d in 

ro., -.^.n-esstomenti.thattheprLrv:Z -Jr^^^^^^^^ ' . ^ ' 



2^ Claims 

1. A dental composition comprising: 



.. --'atieas.twom™sj;;r:s^^^^ 

ymers; mixtures of the copolymers; and mixtures of thP hoLn 7 ^ ^ °^ the.homopol- 

(C) a crosslinked polymer se ected from h^^^^^ f^^^^^ 

Of at leas, two -nom^er! set Sr °m^^^^^^^^^^^^ -^'ates and sty/ene; copolymers 

^ . mixtures of the copolymers; and mixtuTeT c^f the ho^^^^ °' homopolymers; 

(D) an organic and inorgan ic filler cCex ^"'^ "^^ copolymer(s), and ' 



55 



2. A dental composition comprising: 

(Bj^ir^rkS^^^^^^^^^^ ■ 

• mers of at least two monies si ^J^^^^^^ °l -thacrylates, acrylates and styrene; copoly- 

ymers; mixtures of the copolymers- and m7lu7T.U^l^ ' ^'^^^^^ °^ '^e homopol- 

(C) a cross-linked polymer selected frolhl? , '^°'^°P°ly'^s^(s) and the copolymer(s), ' . 

• o, at least two monomls ie-ectd IrL^^^^^^^^^^^ ^'V-e; copolymers 

mixtures of the copolymers; and mixturerof the homnnnr °' homopolymers; 

(D) anorganicandinorganicfi,,erc?:;;r:::(^^^^^^^ " • . 

■ allyl group. ^ ^'"3 polymethylmethacrylate as a main component with or without an 

an alVI group, and an organic and Lganic fiSercompiex^ ^^^ 

' yiatti— 

an any; group, an organic and inorganic fl^m^T^^a^r^^^^^ ^ ^'^^ - without 

6. An artificial tooth produced from a compbsitioh comprising; 

(A) at. least one monomer and/or oligomer selected -from methacrylates and ac^^lates. 
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(B) an uncrosslinked polymer selected from homopolymers of methacrylates, acrylates and styrene; copoly- 
mers of at least two monomers selected from methacrylates, acrylates and styrene; mixtures of the homopol- 
ymers; mixtures of the copolymers; and mixtures of the homopolymer(s) and the copolymer(s), 

(C) a crossiinked polymer selected from homopolymers of methacrylates. acrylates and styrene; copolymers 
of at least two monomers selected from methacrylates, acrylates and styrene; mixtures of the homopolymers; 
mixtures of the copolymers; and mixtures of the homopo}ymer(s) and the copolymer(s), and 

(D) an organic and inorganic filler complex, wherein a monomer and/or oligomer (A) being polymerized and 
hardened. ' 

7. An artificial tooth produced from a composition comprising: 

(A). at least one monomer and/or oligomer selected from methacrylates and acrylates, 
, (B) an uncrosslinked polymer selected from homopolymers of methacrylates. acrylates and styrene; copoiy.- 
mers of at least two monomers selected from methacrylates, acrylates and styrene; mixtures of the homopol- 
ymers; mixtures of the copolymers; and mixtures of the homopo}ymer(s) and the cppolymer(s), 

(C) a crossiinked polymer selected from homopolymers of methacrylates. acrylates and styrene; copolymers 
of at least two monomers selected from methacrylates, acrylates and styrene; mixtures of the homopolymers: 
mixtures of the copolymers; and mixtures of the homopolymer(s) and the copolymer(s). 

(D) an organic and inorganic filler complex, and (E). an inorganic filler, 

wherein a monomer and/or oligomer (A) being polymerized and hardened. 

8. An artificial tooth according to claim 6 or 7 characterized in that the above-mentioned crossiinked polymer is at 
least one of crossiinked polymers comprising polymethylmethacrylate as a main component with or without an 
altyl group. 

9. An artificial tooth produced from, a composition comprising a monomer and/or oligomer of methacrylate. un-. 
crossiinked polymethylmethacrylate, at least one of crossiinked polymers comprising polymethylmethacrylate as 

• a main component with or without an allyl group, and an organic and inorganic filler complex wherein a monomer 
and/or oligomer of methacrylate being polymerized and hardened. 

10. An artificial tooth produced from a composition comprising a monomer and/or oligomer of methacrylate, un-. 
crossiinked polymethylmethacrylate, at least one of crossiinked polymers comprising polymethylmethacrylate as 
a main component with or without an allyl group, an organic and inorganic filler complex, and an inorganic filler 
wherein a monomer and/or oligomer of methacrylate being polymerized and hardened. 
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